INTRODUCTION {#sec1-1}
============

Malignant mesotheliomas (MMs) of the pleura are rare, comprising \<1% of all cancer deaths worldwide.\[[@ref1]\] Most MMs are caused by exposure to asbestos, so as asbestos has been gradually removed from the environment, the incidence of MMs has begun to decrease.\[[@ref2]\] Epithelioid MMs are the most common subtype and cause diagnostic difficulties for pathologists in surgical biopsy and cytopathology specimens.

In Cytology, MM is most commonly encountered on effusion cytology specimens, including pleural and peritoneal effusions. The cytologic features of MM in effusion cytology have been previously well described.\[[@ref3][@ref4]\] It is much rarer to encounter MM on fine needle aspiration (FNA) biopsy. Several small series have been published on the cytologic appearance of MM on aspiration biopsy, of either the primary tumor\[[@ref5][@ref6][@ref7][@ref8]\] or a metastatic deposit.\[[@ref9][@ref10]\]

Differentiating mesothelioma from adenocarcinoma can be challenging, particularly in FNAs. While uncommon, vacuoles, myxoid/mucinous material, and even signet ring cells have been described in cytologic preparations of mesotheliomas, leading to potential misdiagnosis as an adenocarcinoma. In this article, we highlight a case of a 69-year-old man who underwent FNA of a mediastinal lymph node involved by metastatic MM, and review the literature on myxoid change and vacuoles in FNAs of MM.

CASE REPORT {#sec1-2}
===========

Clinical history {#sec2-1}
----------------

A 69-year-old man, former smoker, with a history of multiple medical problems and a recent 15 lb. weight loss presented with a large, right loculated pleural effusion, extensive right lung atelectasis, and mediastinal adenopathy. Two pleural fluid cytology specimens obtained were negative for malignancy. A pleural decortication was performed, and frozen section examination showed "atypical epithelial cells present, cannot exclude malignancy, defer to permanent evaluation."

Meanwhile, the patient developed hemoptysis and underwent bronchoscopy to determine the site of bleeding. An endobronchial ultrasound (EBUS)-guided FNA of an enlarged station 7 lymph node was performed.

Cytologic findings {#sec2-2}
------------------

Both air-dried and alcohol-fixed smears were prepared, and on-site evaluation of adequacy was performed using Diff-Quik stained, air-dried smears. The Diff-Quik stained aspirate smears were hypercellular with cells arranged in loose clusters and singly dispersed in a background of metachromatic myxoid/granular material \[[Figure 1](#F1){ref-type="fig"}\]. The cells had a low nuclear to cytoplasmic ratio, moderate to abundant dense cytoplasm, and distinct cell borders. Some cell clusters showed intercellular windows \[[Figure 2](#F2){ref-type="fig"}\]. Nuclei were centrally to eccentrically placed, with moderate anisonucleosis and frequent binucleation. Cytoplasmic vacuoles were readily appreciated, most commonly as multiple small vacuoles located near the nucleus \[[Figure 3](#F3){ref-type="fig"}\]. Occasional cells had single large vacuoles filled with granular metachromatic material similar to that seen in the background, imparting a signet ring appearance \[[Figure 4](#F4){ref-type="fig"}\]. An on-site adequacy interpretation of "positive for malignancy, nonsmall cell carcinoma" was rendered.

![Low power image of aspirate smear (left, Diff-Quik, ×40; right, Papanicolaou ×100) showing high cellularity with abundant extracellular myxoid material imparting a streaming appearance to the slide, admixed with single cells and occasional larger clusters](CJ-13-4-g001){#F1}

![High power image of the aspirate smear slides (left Diff-Quik, ×400; right Papanicolaou, ×400) showing cells with abundant, dense cytoplasm, well-defined cytoplasmic borders, cytoplasmic windows, occasional vacuoles, and round to oval nuclei, pale chromatin, and moderate variation in nuclear size](CJ-13-4-g002){#F2}

![Various vacuoles appreciated in the aspirate smears, varying from large, solitary vacuoles displacing the nucleus into an eccentric position (upper left, Papanicolaou, ×400), large solitary perinuclear vacuoles with grey-light blue material suggestive of mucin (upper right, Papanicolaou, ×400), or multiple small vacuoles, often overlying the nucleus (lower left and lower right, Diff-Quik, ×400)](CJ-13-4-g003){#F3}

![Some tumor cells had intracytoplasmic vacuoles filled with material which stained magenta on Diff-Quik stain (×400, right and left)](CJ-13-4-g004){#F4}

The Papanicolaou-stained aspirate smears were similar, composed predominantly of single cells and loose clusters in a background of myxoid material \[[Figure 1](#F1){ref-type="fig"}\]. The nuclei had evenly distributed finely granular chromatin and smooth nuclear contours with small, centrally located nucleoli \[[Figure 2](#F2){ref-type="fig"}\]. Cytoplasmic vacuoles were less obvious on the Papanicolaou-stained slides, but occasional signet ring-like cells were seen \[[Figure 3](#F3){ref-type="fig"}\]. Acinar formation, mitoses, and necrosis were not prominent.

Histologic findings {#sec2-3}
-------------------

The pleural decortication specimen demonstrated sheets of epithelioid cells with abundant eosinophilic cytoplasm within a myxoid stroma. The cells demonstrated large cytoplasmic vacuoles, which were negative for mucin by mucicarmine and alcian blue stains. Invasion into the parietal pleural, chest wall soft tissue, and lung parenchyma was focally present. Immunohistochemical studies revealed that the cells were diffusely, strongly positive for calretinin, WT-1, and D2-40 and were negative for TTF-1 and Napsin A \[[Figure 5](#F5){ref-type="fig"}\].

![The pleural decortication specimen demonstrated infiltrative sheets of cells with abundant eosinophilic cytoplasm and a discohesive arrangement within a myxoid stroma (upper left, H and E, ×400), which were positive for WT1 (upper right, ×400), calretinin (lower left, ×400) and negative for TTF-1 (lower right, ×400), consistent with a malignant mesothelioma](CJ-13-4-g005){#F5}

DISCUSSION {#sec1-3}
==========

The presence of vacuoles in MM cells, though rare, has been previously reported in signet ring cell variants,\[[@ref11]\] lipid-rich variants,\[[@ref12]\] and adenomatoid variants of MM.\[[@ref13]\] In signet ring cell variants, the vacuoles usually contain an acidic mucin such as hyaluronic acid or proteoglycans.\[[@ref14]\]

In the cytology literature, one of the earliest papers to describe vacuoles in mesothelioma cells was by Boon *et al*.,\[[@ref32]\] who examined pleural effusions involved by MM and adenocarcinoma. The vacuoles in MM were typically smaller, multiple, more uniform in size, and more centrally located compared to vacuoles in adenocarcinoma. They noted that the vacuoles were much easier to identify on air-dried May-Grunwald-Giemsa (MGG)-stained smears than in alcohol-fixed Papanicolaou-stained smears.

The first report of vacuoles in an FNA of MM was by Sterrett *et al*.\[[@ref5]\] Of the 18 MM FNAs reviewed, 2 cases contained numerous signet ring cells. Both of these cases were epithelioid MMs, and the vacuoles were visible on both Papanicolaou and MGG stains. Reviewing the literature finds vacuoles in approximately 35% of aspirates of MMs \[[Table 1](#T1){ref-type="table"}\], most commonly multiple small vacuoles,\[[@ref7][@ref9][@ref10][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\] although large solitary vacuoles causing displacement of the nucleus (so-called signet ring cells) were much less common, found in \<10% of aspirates.\[[@ref5][@ref8][@ref16][@ref18][@ref19]\]

###### 

Literature review of malignant mesothelioma on fine needle aspiration biopsy for presence of vacuoles and extracellular myxoid material

![](CJ-13-4-g006)

Extracellular myxoid material in MM has been rarely reported in surgical pathology specimens. Hammar *et al*.\[[@ref14]\] reported that up to 20% of epithelioid MMs produce hyaluronic acid or proteoglycan material that can be identified by acid mucin stains such as alcian blue. However, only rare MMs may produce large amounts of hyaluronic acid/proteoglycans visible without the aid of special stains.

Extracellular myxoid material is present in \<5% of all reported aspirates of MMs in the literature \[[Table 1](#T1){ref-type="table"}\],\[[@ref16][@ref18][@ref20]\] and in most cases, it was only focally present. Ansari and Derias\[[@ref20]\] reported "some extracellular globules" that stained magenta on Diff-Quik stained aspirate smears in one case of metastatic pleural MM. The subsequent surgical resection was grossly "mucoid," and histology showed abundant extracellular material that was alcian blue positive, and hyaluronidase sensitive. Patel *et al*.\[[@ref18]\] noted similar rare foci of extracellular myxoid material in two aspirates of peritoneal MM. The magenta, homogenous myxoid material appeared to be enveloping cells and was best seen on the Romanowsky-stained smears. Sterrett *et al*.\[[@ref5]\] noted that "several" FNAs of MM contained cohesive clumps of myxoid material; however, they attributed this finding to reactive desmoplastic stroma.

Only one case of abundant myxoid material on an MM FNA has been reported similar to the current case report.\[[@ref16]\] Computed tomography-guided FNA of a paraspinal mass demonstrated abundant extracellular myxoid material, along with dyshesive epithelioid cells with multiple vacuoles and signet ring cells, raising concern for a chordoma. The subsequent surgical resection showed a localized MM, microcystic variant.

In our case, the numerous intracellular vacuoles, abundant extracellular mucinous material, and signet ring cells were highly suggestive of adenocarcinoma on preliminary evaluation. This is a particular pitfall in situations where clinical and radiologic is either not available, or suggestive of a primary lung carcinoma. This is often the situation in a setting of rapid on-site evaluation for EBUS-guided FNAs.

CONCLUSION {#sec1-4}
==========

This is the first case report highlighting abundant myxoid material and numerous intracellular vacuoles, including signet ring cells, in an FNA of metastatic MM. Clues suggestive of MM include numerous single bland dyshesive cells, intercellular windows in cohesive groups, and cells with multiple small vacuoles. Correlation with the clinical history and imaging, particularly in a patient with a pleural-based mass, may be helpful. Cytologists should be aware of this rare morphologic pattern of metastatic epithelioid MM.
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